informed consent. In order to obtain an equal number in each age group, the sample was stratified according to gender and 10-year age groups. No subject was taking medicine that might have affected the haemostatic mechanism.
The subjects were selected on the basis of their habitual fish consumption. Subjects were asked to categorize by usual intake of fish during the previous years. Fish-eating people were defined as those who ate marine as well as freshwater fish regularly. The frequency of fish intake ranged from 5-7 times per week with an average of 20-30 g/day, while non-fish eaters were those who had not consumed fish in their lifetime. The main occupation of the fish eaters is fishing. Cultivation and agricultural labour were their subsidiary occupation. The ethnic differences among populations and their feeding habits have been described in detail previously. 21 During blood sampling procedure, the number of platelets in a subsample of diluted blood was counted in a haemocytometer of undiluted sample. 22 The diluting fluid and blood were drawn to the 0.5 and 1 mark, respectively, on a Thoma pipette (Dagra, Germany). Dilution was completed to the 101 mark and the platelets were allowed to settle in a moist chamber. The number of platelets (× 10 9 ) were counted under microscope per litre of blood.
Cutaneous bleeding time was measured on the right forearm while the subject was in a sitting position. 23 Two standard incisions were made on the anterior surface of forearm, parallel to the fold of the elbow while a constant pressure of 40 mmHg was applied above the elbow with a sphygmomanometer cuff. For every 30 s, blood was absorbed by capillary attraction from both incisions carefully using the edge of torn strips of filter paper with care taken not to disturb the edges of the wound. The average bleeding time in seconds was measured by determining the time between making an incision of the small subcutaneous blood vessel and the moment the blood no longer stained the filter paper.
A trauma-free venepuncture was performed and coagulation time recorded as the time interval between drawing the blood and its coagulation. 24 Two drops of blood were collected on a slide after the subjects were given a puncture on the tip of the right index finger, and the stop watch was started. The blood drops were approximately 5 mm in diameter and were kept under room temperature. At a 30-s interval, a needle was drawn through the drops. As soon as the needle picked up fibrin threads, dragged along the needle tip, the stopwatch was stopped and the mean clotting time was recorded as blood clotting time in seconds.
A subsample of the population was used for serum fatty acids analysis and dietary assessment. A total of 40 subjects were analysed for fatty acids and 100 subjects were analysed for dietary assessment. Fatty acid composition of serum phospholipids were converted into methyl esters by BF 3 -catalysed transmethylation and analysed by gas-liquid chromatography. Individual diet surveys were conducted using a 24-h recall method, which provided the food consumed in terms of standard quantities. The data on food consumption was validated against weighed records. The total intake of various macronutrients such as total calories, carbohydrates, fats and proteins were calculated using the table of Indian food (data not shown here). Details of the study area and methodology were provided elsewhere. 21 Descriptive statistics for all variables included in the analyses are shown in results for the whole sample and broken down by gender. Student's t-test was used to compare the differences between fish-eating and non-fish-eating populations. Differences were considered significant when the value (P) was equal to, or smaller than, 0.05. Table 1 shows the age and sex distribution of subjects. On the basis of the age of subject, they have been divided into age groups with an interval of 10 years. It was observed that the highest percentage of fish-eating men (21.4%) and women (23.1%) fall in the 41-50 years category, while in men the 51-60 years and in women the 41-50 years of non-fish-eating category predominate.
Results
The results of the platelet count among fish-eating and non-fish-eating populations by sex are presented in Table 2 . The platelet count ranged from 105 (x10 9 ) to 350 (x10 9 ) in fish-eating and 100 (x10 9 ) to 409 (x10 9 ) in non-fish-eating population and the mean value stayed within the normal range. Platelet number of the fish-eating population was significantly lower for men (P < 0.05) and total sexcombined population (P < 0.01) than that of the non-fish-eating population.
The mean bleeding times in seconds among fish-eating and non-fish-eating populations are given in Table 3 . These measurements decreased gradually in men and women of both populations from younger to older age groups. Significant sex variation was observed for the 21-30 year (P < 0.01) and 41-50 year (P < 0.05) age groups of fish-eating populations. The bleeding time of fish-eating populations was significantly longer in all age groups, with the exception of women in the 51-60 years and 61-70 years age group, than that of non-fish-eating population. Table 4 shows the mean distribution of clotting time in seconds among fish-eating and non-fish-eating populations. The clotting time in men and women progressively decreased as age advanced in both populations. Sex difference was statistically significant (P < 0.05) in the age groups of 21-30 years and 31-40 years in the fish-eating populations. The clotting time was only prolonged in some age groups of fish eaters. Significantly longer clotting times were observed for men in the age groups of 31-40 years and 41-50 years (P < 0.05), as well as for total men (P < 0.01), in the fish-eating population than were observed in the corresponding nonfish-eating population. Similar differences were observed for women in the 21-30 years, 31-40 years (P < 0.05), 41-50 years age group, as well as for total women (P < 0.01).
Discussion
The present study reports that intake of fish influences haemostatic variability between fish-eating and non-fish-eating populations. The findings of our previous study indicate that n-3 PUFA (EPA, DPA and DHA) of serum phospholipids were positively associated with the intake of fish in fish-eating population. 21 An interesting possibility is that the n-3 PUFA series replaces the n-6 series in membrane lipids due to fish consumption. Many studies have shown that n-3 PUFA levels in serum phospholipids are directly associated with the dietary intake of fish. 25, 26 The functional variables studied were selected because they are known to be involved in arterial thrombus formation. Dietary PUFA induces modification of the membrane structure and function of blood cells, which appear to be able to interfere in haemostasis and thrombosis. 27, 28 It is well known that the serum fatty acid profile brings about changes in the tissue fatty acid profile, and its change in platelets alters a number of its functions. 29, 30 Although in this study the fatty acid composition of platelets was not measured, another Indian study reported that the level of n-3 PUFA in platelets increased and decreased platelet aggregation after fish oil consumption. 31 Studies in Greenland Eskimos showed that platelet counts were significantly lower than those in Danish controls (171 000 vs 232 000/mm 3 ). 13 The lower platelet count found in fish-eating populations is in agreement with other studies. Decreases in platelet counts after the feeding of fish oil concentrates 32 and oily fish diets have been recorded, 33, 34 However, others have not shown alterations in platelet number. A platelet count below 7000/mm 3 slows the development of intimal thickening. 35 Thus, platelets play a fundamental role in haemostasis by maintaining the integrity of the vessel leision. 36 The mechanisms of these effects of fish oil on platelet count are unknown.
There are ethnic differences in bleeding time that appear to be related to the subjects' dietary habits, that is, they were brought on by the ingestion of fish or fish oils. The results are in accordance with most epidemiological observations, 5, 13 and well-controlled feeding trials. 35, 37 Prolongation of bleeding times, which is most likely due to inhibited platelet aggregation by fish supplement, was the strongest in Tromso (Norway) 38 and in Zeist (Netherlands). 39 A mean increase in bleeding time of nearly 50% was reported in feeding trials with fatty fish. 40 An effective dose of fish oil (50 mL/day) providing 9 g of EPA and 6 g DHA daily prolongs the bleeding time. 41 The bleeding time was significantly prolonged in survivors of myocardial infarction who consumed 3.6 g of EPA, 16 and who took several weeks to return to baseline after supplementation was discontinued. [41] [42] [43] [44] [45] [46] [47] With a few exceptions, the enrichment of n-3 PUFA did not have a measurable effect on bleeding time in two other studies. 37, 48 The inverse relationship between age and bleeding time was also supported by previous studies. 39, 40 There is no evidence that the increase in bleeding time is clinically significant or has any adverse effects.
In several conditions like thrombosis, platelets contribute significantly to promote spontaneous initiation of clotting, which leads to atherosclerosis. 45 Thus, platelets play a funda- Comparison between fish-eating and non-fish-eating populations: † Not significant (P > 0.05); *P < 0.05; **P < 0.01. Comparison between fish-eating and non-fish-eating populations: † Not significant (P > 0.05); *P < 0.01; Sex difference: ‡ P < 0.05; § P < 0.01. Comparison between fish-eating and non-fish-eating populations: † Not significant (P > 0.05); *P < 0.05; **P < 0.01; Sex difference: ‡ P < 0.05. mental role in haemostasis by maintaining the integrity of the vessel wall and helping the process of recovery from a vascular lesion. Fibrin, the end product of the coagulation cascade, is one of the compounds found in the atherosclerotic plaque 46 and thrombin, the central enzyme in fibrin formation, is a powerful platelet activator essential for the initiation of local platelet thrombus. 47 Therefore, blood coagulation can be expected to play an important role in the onset, progression and complications of ischemic heart and vessel disease. Studies concerning fibrinogen noticed a 15% decrease following prolonged treatments with fish oils. 48, 49 Epidemiological data suggest only marginal effects of a fish oil-enriched diet on blood coagulation. Traditionally-living Eskimos do not differ from a comparable Danish control group as to the coagulative ability of their plasma. 32 These observations are in accordance with most human intervention studies. 50 Furthermore, evidence for the hypocoagulative ability of fish oils is quite strong. 51 The enrichment of human diets with fish and fish oil did not have measurable effects on prothrombin time. 52, 53 The results indicate that the longer blood clotting times among fish-eating populations could be related to the consumption of marine fish.
A hypothetical mechanism has been advanced to explain the antithrombotic actions of dietary fish and fish oils. The decrease in platelet vessel wall interactions and platelet aggregation upon consumption of fish appears to be associated with a significant increase in the levels of EPA and DHA in platelet lipids, concomitant with decreased linoleic acid (18 : 2n-6) and arachidonic acid (20 : 4n-6) levels. 17 The aggregatory potency of platelets might be thought to be regulated by the endogenous formation of eicosanoids, modulators involved in the regulation of blood vessel diameter and inflammation. 36, 38 The changes in arachidonic acid and EPA levels, precursor fatty acids of prostaglandins (PG) of the two-and three-series, respectively, involved different activities of thrombosis. 54, 55 The n-6 related products are replaced by n-3 ones in membrane lipids. By ingestion of n-3 fatty acids, the eicosanoid system is shifted towards vasodilation, anti-aggregation of platelets and less pro-inflammatory leukotrienes. 10, [56] [57] [58] Our findings, taken in conjunction with earlier studies, may suggest that a change of fatty acid consumption, such as a diet that contained fish with n-3 PUFA, could reduce platelet aggregation and coagulation tendency and exert a beneficial influence on thrombotic disorders. However, several questions remain to be answered. In order to elucidate the antithrombotic nature of dietary fish oils, further studies are needed to establish the optimal dose of n-3 PUFA and to explore more about the mechanisms responsible for amelioration of many disease states.
